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Figs. 1 to 5, pp. 912 to 914. 


The methods of adjustment of the 
curves by correction of the versines have 
heen devised especially for retracing the 
curves on lines in service in order to 
limit as far as possible lining the track 
and without having, in addition, to move 
the track at those points where it is not 
possible to line the tracks. 

Consequently these methods substitute 
for the layout orginally pegged out and 
generally comprising an arc of circle of 
single radius connected to the tangents. at 
its ends by correct parabolic transition 
curves, several ares of circle of different 
radii connected to the tangents and some- 
times together by more or less correct 
parabolic transition curves. 

It then becomes necessary, in order 
not to deform a pegging in which it is 
desired to correct certain imperfections 
due to the negligence of the staff, to use 
a method of rectification giving a dia- 


XI—1 


gram of the versines corresponding to the 
geometrical characteristics of the layout. 

Mr. Cassan’s method satisfies this re- 
quirement when the curve of constant ra- 
dius is connected to the tangents by 
Nordling parabolic transition curves (*). 

As we know in order to insert these 
transitions the tangent is moved parallelly 


2 
by the amount at or the are of circle by 


F 

ay in this latter case, the radius of are 
ele ‘usa el 

of circle is equal to R’ = R BR" 


As the Cassan method gives however a 
constant radius in the cireular part, it 
cannot be employed when, instead of 


(1) Translated from the French. 

(2) The formula for this curve was invented 
in 1865 by Mr. Cuavits, Engineer (A. & M.), 
Engineer of the French Nord Railway. 
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using Nordling transitions, use is made 
of Cambier transitions which are insert- 
ed between the tangent undisplaced and 
an arc of circle of radius R’ < R replac- 
ing for a certain length the arc of circle 
of radius R. 

Indeed, in this case the circular part 
of the curve is no longer of constant ra- 
dius but comprises at each end an are of 
circle of radius R’ < R and in the re 
maining central part, the arc of circle of 
radius R undisplaced. 

As a result, the regularisation of a lay- 
out of this kind by the Cassan method 
involves the displacement of the whole 
curve of radius R and in consequence 
involves displacements of no utility. 

On the other hand, as on lines in ser- 
vice the use of the Cambier transitions 
is very frequent, it would be interesting 
to imagine a method of adjustment appli- 
cable to their layout. 

This is the reason for this note. 

It will meet our object if we complete 
Mr. Cassan’s method. 

Let us repeat, without giving any 
proofs (1), the principles upon which 
they rest, which principles moreover are 
those of other methods though expressed 
in a different manner : 


1. Every curve imaginable has its dia- 
gram of curvatures and consequently of 
versines peculiar to it. Inversely to every 
diagram we can think of, there corres- 
ponds a well defined curve; 


2. If we take (fig. 1) two curves of any 
form C and C’ both connecting together 
the same tangents-A,T and B,T, the area 


(1) See Méthodes de. rectification du tracé 
des courbes de chemins de fer par correction 
des fléches (Methods of adjusting railway 
curves by correction of the versines) by 
J. CHAPPELLET. Eyrolles, Publisher, Paris, 


Fig. 1. 


Fig. 3. 


S (fig. 2) lying between the diagram D/ 
of the curve C’ and the axis of the ab- 
scisse is equal to the area S’ (fig. 3) be- 
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tween the diagram D’ of the curve C/ and 
the axis of the abscissx, and this no mat- 
ter what curves C and €/ may be. 


The sum of the versines from which 
the diagram D is drawn is equal to the 
sum of the versines of the diagram D’; 


3. The areas § and S’ have their centres 
of gravity G and G’ at the same distance g 
from the base. This distance or abscissa 
of the centre of gravity is easily obtained 
by taking the sum of the products f, + 
2f. + 3f, + 4f4 + -+ nf, and then 
dividing this sum by the sum of the 
versines f, + f2+fs+fs+ vartas Tm 


The desired abscissa is obtained in 
multiples of the equidistance or constant 
distance between the pegs. 

From these principles the following 
corollaries can be deduced : 


1. If the curve be symmetrical, its dia- 
gram is also symmetrical and this relati- 
vely to the ordinate through the centre of 
gravity; 


2. For two tangents all the symmetrical 
curves connecting them together have dia- 
grams the areas of which are equal one to 
the other and which are all symmetrical 
relatively to a given ordinate, the geome- 
tric position of their centres of gravity. 


Let us now consider the modification 
to be made to the Cassan method. 


Let us suppose we have traced out by 
abscisse and ordinates a curve of 1000 
metres radius connected to the tangents 
by Cambier parabolic transition curves 
75 metres long. 

Figure 4 shows the layout at the be- 
ginning and the end of the curve. 

The pegs being 10 metres apart, let us 
suppose that as a result of negligence in 
the pegging the versines shown in dotted 


lines on the rather irregular diagram of 
figure 5 have been measured. 

A regular diagram corresponding to 
the geometric characteristics of the lay- 
out must be substituted for this diagram. 

We know the centres of gravity of the 


n33 6, 


Fig. 4. 


Explanation of French terms: 
Parabole = Parabola. — Arc de raccord = Connecting arc. 


two diagrams should have the same ab- 
scissa g which we will first of all calcu- 
late. 

We have : 


__ 46 203 = 93.3931 = 233.231 metres, 


#3-1984- 

46 203 being the sum of the moments of 
the versines relatively to the peg 0; 

1981 millimetres — the sum of the 
versines as read. 

Now let us find the tangential points 
of the are of circle of 1000-m. radius 
directly tangent to the straight sections. 

The diagram of the versines of the arc 
of the 1000-m. radius circle is a trape- 
zium, the area of which is equal to 
4981 mm. X 10 and the height to 50 mm. 

The distance between the two tangen- 
tial points M, of the circular curve and 
the straight sections, is equal to half the 
sum of the bases of this trapezium i. e. to 


1981 x 10 
ai 396.20 m. 
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The tangential points M being placed 
symmetrically in relation to the ordinate 
through the centre of gravity which also 
determines the point B common to the 
are of circle and to the bisector of the 
angle at the summit, therefore lie at : 

396.2 


oe te 198.10 m. 


on each side of their ordinate, or of the 
point B. 

It is now easy to draw on the diagram 
of the heights of are recorded (dotted 
line), figure 5, the diagram of.the theore- 
tical heights corresponding to a perfect 
pegging out of the 1000-m. radius curve 
(full line). We know actually that the 
start A of the parabolic transition curves 
is situated at a distance of 32.58 m. from 
the tangential points M, that they are 
75 m. long, that the arc of circle of ra- 


dius R’ = 950.60 m. needed to insert the - 
parabolic transition curves between the 
1.000-m. radius curve and the straight 
sections, have a developed length of 
57.58 m. and that their versine is equal 
to 52.5983 mm. for a chord of 20 m. 

Moreover, from A to Q the versines 
lengthen progressively from 0 to 52.5983: 
mm.; they are equal to 525983 mm. 
from Q to T and to 50 mm. between the 
two points T. The points of osculation 
A and Q however being placed between 
two pegs, the versines at the pegs 0 and 
47 are not nil, those of the pegs 4, 7, 8, 
46, 39, 38 have not quite the value of the 
ordinate of the diagram. The same thing 
occurs for the versines at the pegs 13, 
14, 33 and 34, the tangential points being 
situated between two pegs. 

Let us repeat briefly the formule by 
which the values of these versines can be 
calculated : 


For Fy and f47: fo = ENS (Ge 


For f; and fis : fs = al + NB — n° 


, : ake alt 
For f; and f35 : ff = Sag 


| + Mys— 2m |, 


For fg and fg : fr = — MS, 


For f,4 and [34° fi = 3| (! +N)? fo + (I —Ny/,|—N fh, 


For fis and fis : fu =5| @—N)*h + N*% |- 1 — YH. 


In the present case, for f, : N = 0.7449. 
For fens N= /0:3014. 

For f; and f; : M= 0.7551. 

For fs5 and fs : M 0.1089. 

For fis and f1, : N= 0.4869. 

For fs, and f., : N= 0.8669. 


The new versines being calculated, the 
amounts by which the pegs of the exist- 
ing curve have to be moved to bring them 
to the position for the correct curve will 
be arrived at by getting the differences 
between the old heights f and the new F 


(2) We have made use of the notation corresponding to figures 29, 30, 31, 15, of our article published 
in the September 1930 number of the Bulletin of the International Railway Congress Association. 
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in ae its. fall value is cancelled out, the 
more readily the greater the number of 


practice a correct curve 
g the calculations. 


ised hex en ie bane of the ae 
/ are such that the osculation points A 
and Q and i ese ee T coin- 


ac “Gigeigtiohs then sbevorha: a easy. 


equa | to that of the old: in the example 
: given it was only necessary to increase 
ied versine 14 by 0 04mm. 9 
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‘The sum of the new versines are made 
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f 4, headin ty New definitive versines, Differences 
between the ‘numbers of columns 3 and 10. 


-, lower down = Same values as those indicated 
’ in column 5. 


~ 
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pegs, by modifying some of the versines 


by a fraction of a millimetre or a milli- 
metre (corrector groups of the Hallade 


method). 

In the example dealt with (see table of 
calculations above) at each peg the value 
of the new versine is equal to the 
ordinate of the diagram of the theoretical 
versines drawn by taking into consider- 
ation the geometrical characteristics of 
the layout. 

As the versines in the parabolic tran- 
sition curves and the circular arcs of 
950.60 m. radius, the value of which does 
not correspond to a whole number of mil- 
limetres, are given to one place of deci- 
mals instead of four, it would have been 
superfluous to alter the heights f,, f., f,, 
far fias fra> fs32 far fear fas fae, faz, bY using 
the formule repeated on page 915. 

Consequently the last column of col- 
lumn 8 is not nil (it would have been 
had the versines been calculated to four 
places of decimals) but equal to 4.9 mm. 

This amount is readily cancelled out by 
correcting by + 0.1 mm. the differences 


64g and 8, and by — 04 mm. the dif- 


ferences 6, and 9. 
- Actually we have : 


0.1 (46 + 6) —0.1(1 + 2) = + 4.9 
and . 
494495 


ri » 
i a i 


This is the applinetinaee of the. Hallade 
cone couples. ; 

In practice therefore, the original ver- 
sines are not altered. 
iE the evaluation of the new S Heights 
had been to the nearest millimetre or half 


millimetre, the last number of column 8 .. 
would have been 71 mm. To cancel it out — 


would have entailed modifying by 1.4 mm. 
the new versines first obtained which 
again would be quite acceptable. 

Nevertheless when the curve is very 
short, it is of interest to make the calcu- 
lations to several places of decimals, four 
at most, because owing to the corrector 
couples having only a short lever arm the 
modification of the new theoretical ver- 
sines can be sufficiently large to deform 
appreciably the diagram of the theore- 
tical versines. It is true that in this case 
the calculations to several places of deci- 
mals are relatively easy seeing that the 
development of the curve is small. 

The object of evaluating the versines to 
one or several decimals is not to get very 
great accuracy in the value of the ver- 
sines, which would be of little use, but 
to get the last number of column 8 as 
small as possible so that it may be easy 
to cancel it out. 

Again the attention of the men doing 
the work should be drawn to the import- 
ance of conserving very closely, especially 
about the tangent or osculating points, 
the direction of the straight sections tan- 
gent to the curves at the time of placing 
the pegs by means of the abscisse and 
ordinates, so that at a later date, the 
measurement of the versines at each tan- 


gent or osculation point is really based - 


on the straight section which was used 


to give the angle at the summit of the 


curve. 
If this important requirement is not 


to ae it, “he aa seciouets given —s 
the lines: of rails not having always re- _ 
inane, in the fae s of those pot ’ 
only she to add that the ottensive’ didi 
up shown necessary by this method is: 
above all due to the defective pegging out 
originally through, for example, an error 
in evaluating the angle at the summit. 

As regards the rectification of the cur- 
ves of lines in service calculated by means. 
of one of the different methods using 
variable and progressive radii, it remains 
necessary for reasons analogous to those 
just given to preserve in an unvarying po- 
sition the pegs by means of which the two 
first and the two last versines can be 
measured. 

We would point = 100, that the Cam- 
bier parabolic transition curves laid in at — 
the end of a curve may not be of the same 
length whereas the Nordling transitions 
should always be symmetrical. 

The usefulness of this note is appre- 


ciated when there is little room for lining — 


up as for example in alterations to sage 
lines in a station. - 

As an end to this article we will con- 
sider the layout of a curve forming an — 
are of circle without parabolic transi- 
tions, and one of several tangent ares of 


circle whether or not connected to one — 


another and to the straight sections by 
parabolic transition curves. | 
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Taking the case of an arc of circle 
without parabolic transition curves, the 
abscissa g of the centre of gravity of the 
diagram of the versines and the position 
of the tangent points are calculated as has 
just been done by the Cassan method. 

When each of the tangent points coin- 
cides with a peg, the versine at this 
latter is equal without appreciable error 
to half the versine of the arc of circle for 
a chord equal to two equidistances d. 

The diagram of the versines is as a re- 
sult an isoceles triangle. 

This is a special case, the development 
of a curve rarely being a multiple of the 
equisdistances d usually taken as equal 
to 10 mm. 

As a general rule the tangent points 
do not each coincide with a peg. This 
would be the case of the points M of our 
example if we wanted to peg out the curve 
without parabolic transitions. 

The versines at the pegs immediately 
preceding and following the tangent 
points M [the pegs 3, 4, 43, 44 (+) of 


(1) Formule given on pages 2008 and 2009 . 


in our article in the September 1930 number 
of the Bulletin of the International Railway 
Congress Association. 


our example] are calculated from the for- 
mule : 


fom tue 
de 1)2 2 
f, = 5 [(N +1)? — 2N?]. 


The new versines having been deter- 
mined calculations are made as we have 
shown in our example. 

When the layout comprises several tan- 
gent arcs of circle whether or not con- 
nected together by parabolic transitions, 
or of other transition curves, the diagram 
of the new versines is made as_be- 
fore by determining the abscisse of the 
centres of gravity and the position of the 
tangent and osculation points. 

The Cassan method, completed in this 
way, enables all layouts to be carried out 
in practice with great precision. 

Seeing it involves no trial and error 
and that we have made the calculations 
easy, we think its use is always to be pre- 
ferred to that of the other methods each 
time a new pegging has to be corrected. 


| Figs. 1 to 13, PP. 921 to 92, Fait aa intrest 


During the past century great advan- 
ces have been made in all branches of 
railway engineering, and railway carria- 
ges have increased in size and comfort. 
It nevertheless remains true that very 
little is known of the fundamentals mak- 
ing for comfortable riding carriage 
which underlie the design of carriage 
bogies. Present-day designs must be 
regarded more as < the survival of the 
fittest » than as the result of careful 
theoretical calculations based on scienti- 
fic investigation; and this especially ap- 
plies in the case of such parts of the bo- 
gie as the icpet and anes: of the Swing 
links. 

There appears to have at little re- 
search conducted on this subject, yet its 
importance, as presumably no one will 
question, is very great indeed, especially 
when it is remembered that the capital 
value of passenger rolling stock in the 
world to-day amounts to many millions 
of pounds sterling. The riding quality 
of a railway carriage depends principally 


on the bogie used under it and conse- 


quently this forms the chief item to be 
considered. 

The author’s purpose in preparing this 
article was that of describing some re- 


search word carried out by him at the. 


Research Laboratory of the New South 
Wales Government Railways at Sydney, 
Australia. The term « bogie » is used by 
British engineers, while American engi- 
neers refer to the same thing as a 
« truck ». The bogie or truck was first 
introduced with the idea of making the 
negotiation of curves by locomotives and 


railway eaees easier. 
liam Chapman, a civil engi er, ob 
an a lite No. 3632, for a 


for engines, “The first osilert of as 
elling truck which was.used for Joc 


tives appear to be two Americans, John 


B. J ervis and Ross Winans. 


generally appears to be given seus ed i 
_of being the first, and his work | dated 
‘It was a long» time before ‘ 


about 1831. 
the swivelling truck was introduced into 
English locomotive practice. The en- 
gines made about 1846 for the South Dev- 


on Line were neelisble the first ‘es be 


f itted with — 


| Suggested veheine: of research work, 


In studying the riding qualities ae rail- 


way carriages, it was considered that the 
following subjects should form the basis 
of the research work. : 


1. Design of apparatus to record the 
movements of the component pare of ey 
bogie when in traffic. t 


2. Maximum movements of springs in 


service. 


3. Range of stress of springs in service. sas 
4, Measurement of swing of swing Ser 


ster. 


5. Study of existing instruments sal 
as the Hallade register, Wimperis accele- 


rometer, etc., in relation to carriage rid- - 


ing. 


i ag and pitching Pee rates : 
g design and action. 
“4 Different ‘spring systems in car- 
oa -riages. 


— 10. Static pr onan of springs in rela- 
: ; f tion to act practice. 
5 : 


11, Mechanics of the bogie. 
_-—- 12. Effect of angle of swing links. 


_ Fig. 1. — Front view. 


18. Sway action possible 
straight. > 

19. Analysis of track qualities, stagger 
ed and parallel joints. 

20. Effect of length of rails. 

21. Effect of flange wear. 

22. Gyroscopic effect of wheels and 
action caused by superelevation in turn- 
ing to left and right in relation to direc- 
tion of revolution of wheels. 


on the 


In the short time at the author’s dis- 
posal it was not possible to investigate 


13. Effect of length of swing links, 

14. Returning forces given by swing. 
bolster. 
15. Effect of height of centre of gravity 
on car oscillation. 
= Prk; Analysis of forces involved in tak- 
ing a car around a curve. 


17. Transfer of forces from track to 
bogie and to car. 


— Back view. 


Fig. 2. 


Figs. 1 and 2. — Bogie movement recording apparatus. 


all the above items, but rather it seemed 
better to concentrate on one or two items. 
With this end in view, the principal 
item chosen for research work was the 
one of recording simultaneously the va- 
rious movements in a railway carriage 
bogie whilst in service. Seven movements 
of a trailer bogie of an all-steel electric 
passenger carriage and a time graph were 
recorded, whilst the carriage was running 
as a part of a train on the suburban elec- 
tric railways between Sydney and Oatley, 
a run of nearly 20 miles. 


Bogie moyement ‘recording apparatus. 


“Apparatus ‘designed | and largely made 
by the author for recording bogie mov- 
ements is shown in figures. 1 and 2. It 
consists of seven brass rods of 1/2 inch 
square section, placed 1 1/4 inches apart, 
which can slide vertically in square holes 
in two angle brackets. To one end of 
each of these rods is attached a Bowden 


Fig. 3. — Showing method of attaching wires and pulleys to a carriage bogie. 


paper. The casing of the Bowden wires 
is held in clamps on the apparatus as 
shown. The recording mechanism con- 
sists of a spool of paper 3 1/2 inches 
wide, turned by hand, and by taking care 
quite a good graph was obtained. It was 
intended to fit a motor to the apparatus 
at a later date. The timing device, which 
worked perfectly, consisted of an alarm 
clock and an ordinary electric bell, ar- 
ranged as shown. By this arrangement 


intervals of twelve 1/2 or 1/3 seconds 


could be obtained. The method of re- 
cording the bogie movements is to use 
Bowden wires and pulleys. Bowden 
wires alone were tried, but did not prove 
successful, as the full movement was not 
recorded. This was proved by a labora- 


se edetesced carrying yal nut 
wach, ghe tension Hane 


seven bogie movements and a time graph 


tory test in which two Bowden wires, 
one 18 inches straight and the other 11 
feet long with three curves, were used 
to record the same movement, but the 
resulting curves were not the same, so it 
was decided to use wires and pulleys. 
On the chart, which is 3 1/2 inches wide, _ 


were recorded. 
The movements recorded were : 


1..— Triple elliptical bolster spring. 
(Movement «C€» on graphs.) 


To measure this movement a short 1 /2- 
inch diameter bolt was electrically 
welded on to the spring plank at A, fi- 
gure 3. A Bowden wire was soldered in- 
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io a small groove cut in a 1/2-inch dia- 
meter nut, and then screwed on to the 
bolt. The wire from A went through a 
short piece of Bowden casing fixed at 
one end to the top buckle of the bolster 
spring, and at the other end to the bogie 
frame at B. The wire then went over 
a pulley C, which was held on an elec- 
trically welded bracket; from here the 
wire passed to the general assembly 
block at D, where the wire passed under 
a pulley, and then entered a length of 
Bowden casing which was fixed in a 
elamp just above the pulley. The other 
end of the casing, which was about 2 feet 
6 inches long, was fixed in the clamp on 
the instrument shown in figure 1. The 
instrument was fixed to the carriage 
floor, just over the general assembly 
block D, a seat being temporarily rem- 
oved to accommodate the instrument. 


2. — Swing of swing bolster. 
(Movement « G » on graphs.) 


A wire was fixed just below A, figure 3, 
in a similar fashion to that at A, from 
thence it was brought over pulley E, pul- 
ley F, to the general assembly block D, 
and thence to the instrument. 


3. — Second triple elliptical bolster 
spring. (Movement « A » on graphs.) 


The wire was fixed to the spring plank 
in a Similar way to that at A, then 
brought through a piece of Bowden cas- 
ing fixed at one end to the top buckle of 
the spring, the other end being fixed to 
the bogie frame, the wire then came 
over pulley G, pulley H, and up to the 
instrument through the general assembly 
block D. 


4. — Agle-box No. 1. 
(Movement « D » on graphs.) 


The movement of the axle-box gave a 
combination of the movement of the lam- 
inated spring and the two helical springs, 
which constituted the axle-box springing. 


A wire was taken from J, in figure 3, 
over pulley K and up,through the general 
assembly block D as previously describ- 
ed. 


5. — Aale-box No. 2. 
(Movement « E » on graphs.) 


A Bowden wire was fixed at L, and 
then through Bowden casing fixed at 
M straight to the instrument. 


6. — Azxle-box No. 3. 
(Movement « F » on graphs.) 


A wire was fixed to the laminated 
spring buckle, and, then brought over a 
pulley N, around pulley O, and up 
through general assembly block D to the 
instrument. 


7. — Auxiliary side bearing spring. 
(Movement « B » on graphs.) 


To measure this movement, a wire was 
attached in the usual manner at P and 
then through the Bowden casing fixed to 
bogie frame at R and thence; to the in- 
strument. No pulleys were used in this 
case, as the wire could be taken in very 
nearly a straight path. 


8. — Time graph. 
(Movement « H » on graphs.) 


The time graph gives intervals of 12 
seconds. 


Experiments carried out with the 
apparatus. 


The bogie movement recording appara- 
tus was placed in an electric trailer car 
No. T 4422, as shown in figure 4, a seat 
being removed to accomodate it. Bow- 
den wires were connected up as in figure 
3. The electric trailer car was run on 
the [lawarra line between Sydney and 
Oatley as a part of an ordinary electric 
passenger train. The first tests were 
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Fig. 5. — Portion of an original chart from bogie movement recording apparatus. 


Note. — The graphs (figs, 5, 6, 8, 10 and 11) are reproduced at a reduced scale — 3/4 of original. 


H 


Fig. 6. — This is figure 1 retraced so as to cut out the 1 4/4-inch lag in the movements. 


earried out on 14 February 1929, with 
very satisfactory results. A portion of 
the original chart as taken on the appa- 
ratus is shown in figure 5. The move- 
ments on this chart have a lag of 1 1/4 
inches relative to one another. The chart 


\ 


has been retraced bringing each graph in- 
to a position such that any point on one 
curve corresponds to a point on a curve 
directly above or below it, and is thus 
shown in figure 6. On examining the 
graphs it will be seen that the right 
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and left bolster spring curves are mirror 
images of each other. The curve repres- 
enting the spring of the swing bolster 
will be found to correspond to the left 
bolster spring. The graph of the axle- 
box movement on one of the graphs was 
found to correspond to rail joints at 40- 
foot intervals for a speed of 37 miles per 
hour of the train. Other points of inter- 
est will be seen on referring to the 
graphs. 

From an analysis of the charts we can 
get ;: 


A, — For springs. 


1. The number of vibrations per hour 
of positive or negative deflections of a 
given magnitude. 


2. The stress in lb. per square inch cor- 
responding to these deflections. 


3. The value of the maximum positive 
or negative deflection of the spring. 


4. The range of stress in the spring in 
lb. per square inch. 


B. — Swing bolster. 


The magnitude of the swing of the 
swing bolster can be measured, and rest- 
oring forces, etc., called into play for 
various speeds and conditions of track, 
can be determined. 


Finally, by using the instrument to re- 
cord other movements of the bogie not 
yet recorded, further investigation of 
bogie design could be carried out. 

It is recommended that for future ex- 
periments : 


1. Additions be added to be apparatus 
so that the speed of the train be recorded. 


2. A hand-operated marker be added to 
record mile-posts, so as to be able to 
locate curves and straights of the railway 
line on the chart. 


3. Pointers should be added to the ap- 
paratus, which would draw straight lines 
along the chart corresponding to the po- 


sition of the various movements when the 
carriage is at rest on a level. These 
lines would then act as datum or « mean »> 
lines for calculation purposes. 

4, A wider chart be used, and operated: 
by a motor in place of being turned by 
hand. 


Analysis of bogie movement charts. 
A. — Springs. 


The method of analysing the chart for 
spring movement will be shown by exam-- 
ining a portion of the chart for the triple 
elliptical bolster spring. 

The mean line of the graph for the 
movement was obtained by drawing a 
line parallel to one edge of the chart, and 
then, by means of a planimeter, the area 
was measured between this line and the 
graph of the movement. By. dividing this. 
area by the total length of the chart, the 
position of the mean line was determined. 
This mean line corresponds to the static 
deflection due to the weight of the car- 


riage. This static deflection is arrived 
at as follows : 

Engl. . 

tons. 

Weight of trailer car . . 34 

Add portion of weight of passengers. 4 

otal... s838 

Less weight of two bogies . . . . 12 

26 

: 26- 

Load on each bolster spring — 7 


x 2240 lb. — 14560 lb. On referring 
to the load-deflection graph (see fig. 7), 
for this bolster spring, the deflection is 
seen to be 5 inches for a load of 14 560 Ib. 
on the unloading limb of the curve. But 
as the spring has friction, the actual 
stress is greater than that given by 
14560 lb., and is got by taking a point 
directly above on the mean line of the 
curves, which gives 15 500 lb. as the load’ 
giving 5 inches deflection. The stress in 
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the spring corresponding to this static 
load of 15 500 Ib. is next calculated. 


25,000 


hoad in Ib. 


Deflection in inches. 


Fig. 7. — Load-deflection graph 
for holster spring. 


M. 


Swinc BoLsTer 'G’ 


L8s/o" STRESS. 
28s. LoAD 
NR & INS. DEFLECTION 


65,3004 17, 
62,200- (6,200 


Stress « f » in lb. per square inch is : 


Bending moment 
te Section modulus 


— IAW. 
~ nib b. ad? 


iad WE 
— 2Qnbd? 


where W = Load in lb. 


1 = Length of spring in inches. 
n = Number of plates. 
d = Thickness of plates in inches. 


Stress in bolster spring for a load of 


-——/2 SEconos—— ->4 


EFT BOLSTER SPRING 'C.>——-+>—_}——_x. —f 


69,500-| 15,5005 5-0} Se) OSS SY SSN SSS «VE a ee a ee 


57, 500-| (5,0004 4-8} 
56,5004 14, 
54 14,0005 4 


= 
3 RIGHT BOLSTER SPRING A’ 


Fig. 8. — Showing bolster spring movement with stress scale. 


15500 lb., having eight plates 3 inches 
x 1/2 inch x 8 ft. 10 in., triple elliptic, 


15 500 
3 


x 


x 46 


ce) 


2 8x3 (1/2) 
= 59 500 lb. per sq. inch. 


Having now the load, deflection and 
stress for this mean line, a scale can be 
constructed, as shown on the chart, see 
figure 8. The range of stress, etc., can 
now be read directly off the chart, as the 
graphs are recorded full size. The static 
deflection of the bolster spring was meas- 


ured on the bogie, with the carriage 
empty, and corresponded very nearly 
with that calculated. 


B. — Swing links. 


The lateral movement of the end of the 
swing links is given to a full-size scale 
on the original chart. It can be seen 
that the motion of a swing bolster is not 
a rythmic swing as might be expected, 
but rather it is a swing of an irregular 
character, suggesting that it has been 
brought about by violent lateral shocks 
applied to the bogie. 
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Relation between amplitude of oscillation 
and the number of times it is attained 
per hour. 


To determine the amplitude of vibra- 
‘ion and the number of times it is attain- 
ed per hour, a portion of a bogie move- 
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Amplitude of vibrattons. — Inches. 


RotLing 


SWE Sway 


ment chart was analysed for the bolster 
spring oscillations. The following res- 
ults were obtained, and are plotted in 
graphical form in figure 9 : 


Amplitude of vibrations Vibrations per hour, 


+ 10.5” : 5 
0.4 35 
0.3 155 
0.2 560 
0.1 1 465 

SSM 1 555 
0.2 725 
0.3 325 
0.4 95 
0.5 0 


The working of stresses of springs in 
traffic can be correlated to the) stresses 
in laboratory tests of the springs under 
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TICAL OSCILLATION 
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Flg. 10. — Hallade chart for a Sydney suburban electric train. 


repeated loadings. Thus, from the la- 
boratory test of a spring of given design, 
the maximum range of stress which can 
be imposed on the spring for an inde- 
finite number of times without fracture 
taking place can be determined, and from 
the bogie test the number of times per 
‘hour this stress will take place can be 
determined. It is thus possible to pre- 
dict the life of a spring under normal 
traffic conditions. 


Study of existing instruments 
such as Hallade register. 


It was decided to make an examination 
eof any existing instruments that in any 
-way recorded the riding qualities of cars, 
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as such instruments would prove valu- 
able when used-in ‘conjunction with the 
author’s instrument in studying carriage 
problems. The three available were : 


1. Hallade register. 
2. Wimperis recording accelerometer. 
3. Crocker oscillation recorder. 


As space will not permit of discussing 
them all, the Hallade register only will 
be considered. 

The Hallade register consists of a num- 
ber of pendulums which can swing in 
two planes at right angles, and connected 
to’ the pendulums through lever systems 
are three tracers, which record the move- 
ments on a paper chart, . The paper chart 
is worked through the instrument auto- 


RIGHT BOLSTER SPRING ‘A’ 


VERTICAL OSCILLATION. 


SIDE SWAY. 


ROLLING. — 


matically by clockwork mechanism. The 
Hallade register is placed on the carriage 
floor, and records rolling, side sway, and 
vertical oscillations. This instrument 
was tried in a number of different rail- 
way carriages on the railways of New 
South Wales and Victoria, and a number 
of very interesting graphs were obtained, 
that in figure 10 being an example of one 
obtained on the Sydney suburban electric 
trains. In figure 11 will be seen a chart 
from this instrument alongside one from 
the bogie movement apparatus, which 
were taken simultaneously in the same 
carriage. It is difficult to see any rela- 
tionship between the two records. For 
studying carriage problems, the Hallade 


register could be greatly improved by 


having the magnitude of the natural 
period of oscillation of its pendulums 
further removed from the magnitudes of 
the periods of vibrations one desires to 
measure in railway carriages. 


Time of oscillation of springs. 


In, designing springs for railway -car- 
riages, the author is of the opinion that 


; t is | . i > | | 
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time of Sscillation ‘of onc resul 
in better riding carriages. 

¥rom experiments conducted with the 
Hallade register the following” values 
were obtained : 


nie d. | 


perio’ 


TYPE.OF BOGIE, 


Vertical 
| Rolling | 
period, 


| Melbourne electric car : 
- Channel-sided bogie. . 
‘Plate frame bogie. . . 
Cast steel bogie. . . . 
Express from Melbourne : 


Victorian dintag: car : 
| Channel-sided bogie . . 
N. 8. “— ee car: 


omeniat low. | 
ertical time of oscil. 

quire to be somewhat of 
to 1.0 second. 


_ “subject $i ire ee eck ‘of Acientific ; in- 


id in qualities ‘of ne "teach 
2 latera From an 


pears to be no fixed rule adopted in gen- 
eral for the design of the length and 
angle of swing links. When a swing 
bolster is displaced laterally, restoring 
forces are called into play tending to 
restore equilibrium, and it will now be 
shown that the magnitude of these forces 
is more affected by the length of link 
than by its angle of rake. — 


In the above figure Jet AB and DC re- 
present the swing links and BC the spring 
plank of a swing bolster. It is desired to 
calculate, first, the amount. the centre of 
gravity of the carriage rises for a given 
swing through angle @ of the swing links. 


Case 1, — Inclined links. 
Let J = length of link ae a = angle 
, rake... 

Then Fs =lcos« 

hy = 1 cos 64 

he = I cos 62 

hg = 1/21 (cos 84 + cos 62) 

=x lcosa.cos @ 


Tanganyika Railway . . . 


Pullman Co., 


German Railways: |. -. eee en 


(double bolster) . Ne ile ae Eee 
London Midland & Scottish enaivan 5 


(bulbjangle) =o cee ncn 
New South Wales I beam solebar. 
New South Wales electric trailer bogie. 
New South Wales 9-foot motor bogie . 
Victorian channel side ker) 
- Victorian cast-steel (motor) ser eee 
Victorian plate-frame (motor) 


Victorian channel side (trailer). . . 


Victorian Pullman sleeper. (./t. 6! « |. 
Illinois Central sleeper . 

Illinois Central (motor bogie). . . . . 
Illinois Central... . . fee ke) 
Baldwin Loco. Works (trailer) cee 
Baldwin Loco. Works (motor) ' 
Pennsylvania Railway. . eee we 
Canadian Pacific... ...,. 


Buenos Ayres Pacifici) 08. eee 


Queensland (pressed-steel). . . . .. 
Central Argentine ts “aseueuce sere 
Central Argentine ....... a3 : 
South Australia (4-wheel bogie) < 
South Australia (6-wheel bogie) . . . 


_ (1) Gauge of railway. 


French Railways . : Rae eas. . a on 


London & North Hastern eae 


New South Wales 7-foot wheelbase | 


Victorian six-wheel bogie. . . . . .- 


| trap" | eae | 


"Leeds Forge Company. 7 cae ome, 


44 4/2" 


45 4/4!" 
45 1/4" 

15 1/4" 

24 4/8" | 
47 4/16" | 
17 4/8" | 60 427 
174/16" | 70 35°, 
20" oan 
474/2" | 4° 55! 
e142" | goa’ 


| e44je" | 5020" 
22 5/8" 40 30! 
ig3/4" | Ato 
fy 

20 4/2" 
24" 
42" 
43" 
48" 
94/4" 
23" 
gett 


ni Ibs 
6° 30' 
nil. 


| 2842" | 
3i" 
20 3/4" 


= 935 = 


.. Rise of C of G of spring plank 
= lvosa—lcos «.cos 


=I1cosa(l — cos 9) 


For all practical purposes the angles 
@ on either side of A and D may be ta- 
ken as equal. 

The above is very nearly the amount 
the centre of gravity of the car moves, 
but is slightly less on account of the 
following correction : 

Vertical distances between ends of de- 
flected links 


= hy, — he 

== 1 (cos 6, — cos 69) 
= 2lsina.sin G 
2isina. sin D 


, Sin B = 
x 


Centre of gravity of carriage drops 
ft (1'—" cos 6). 
*. Net rise of centre of gravity fora 
deflection ¢ of swing links 
= lcos «(1 — cos ; — H (1 — cos 8) 
# : : 
sikorsig toni emus 
x i 
Case 2. — Vertical links. 


For a vertical link of length « h » and 
deflected through an angle 9 the C of 
G rises an amount h (1 — cos 6). 


Case 3, — Restoring forces, with in- 
clined links, considering gravity alone to 
act. ‘ 

Consider. the weight of the carriage to 
act through the centre of gravity. Using 
the notation of the above figure, 


Let W — portion of weight of carriage 
on one bogie, and T — restoring force. 


Let 7 = length of link. 


With regard to W, we may neglect the 
X co-ordinate, 


y =I cos a(1 — cos ) — H (1 — cos 8). 


The work done by W in a small dis- 
placement 6y is 


— Woy or 
Woy = W (/cosasin  .6 9 — Hsin 8. 68), 


2lsina.sin @ 


but sin 8 = a: 


Zlsin« 


»-1€0S 6) ..08 — cos 9.8 gD 


Cos 8 is very approximately equal to 1. 


21 sin a 
= = co 


88 = sGZ.d¢ 


H 42 


x2 


es Woy = W (Icosa. sin g — 


sin? a. sin Z .cos G jo 


41H sin? 
= Wil ate 


4 cos¢ | sin @.oQ. 
With regard to T, we may neglect the Y 
co-ordinate, 
x = sin (a + 6). 
The work done by Tis T6 x or 
T.sx = Tleos(2 + G).d¢ 
. I'l cos (a -+ d).8@ 


41H.sin? «.cos g 


=W! Ae 


sin? .dog. 


COs a 


.. Restoring force, 
4l1Hsin?«.cos@ 
x2 


cos (2 + 9) 


W cos a. sin : ‘ ‘ 
= prfiges 2820 9 to a first approximation. 


(cos) «+ 9) 


Case 4. — Restoring forces with verti- 
cal links, considering gravity alone to 
act. 

From similar reasoning to the above, 
it can be shown that in this case, '[ — W 
tan g, where g = angle through which 
the link is deflected. 


T = W {cos «— |sin 9. 


In considering an actual case, it will 


be found that when gravity aloue acts, 


the restoring forces for a 15 1/4-inch 
link having a rake of 11° is about 5 % 
greater than that for a vertical link of 
the same length, but by using a vertical 
link sligthly shorter, it is possible to get 
the same restoring force for the same 
amount of lateral movement of the bol- 
ster. It will be.found that the restoring 
force is much more affected by the length 
of the link than by its angle of rake. 
While it may be said that the inclined 
link is nearly universal, yet the writer is 
of the opinion that the vertical link has 
much in its favour. The basis for this 


opinion is that when a carriage is round- 


ing a curve at excessive speed the bolster 


Swings over to some position of equili- 


brium, where the additional centrifugal 
force is balanced by the restoring force 
called into play and remains there tem- 
porarily, and this action is similar for 
both inclined or vertical links. 

But consider the case when the car- 
riage is travelling on the straight, and a 
small irregularity in one rail of the 
track is met with, which causes an up- 
ward force to be applied to one side of 
the bolster. With the inclined link a ho- 
rizontal component will act tending to 
displace the bolster to one side, but with 
the vertical link there is no horizontal 
component, so the bolster remains sta- 
tionary, the vertical motion in this case 
being damped by the laminated springs 
either over the axle-boxes or on the bol- 
ster as the case may be. Another disad- 
vantage of the inclined link is that, when 
a carriage is entering a curve, the outher 
wheel of the leading bogie becomes rais- 
ed due to the super-elevation, with the 
result that a twisting couple is applied 
to the carriage due to overloading on 


_...Compression of spring at C = 


fis of this t 
links: can be 


the above figure. ee Te mn 
ster swings over to dotted 
shown, one spring is compressed ae 
other becomes elongated. 


sin g.. a 
Blengations of spring at B = Tsing a. 
sin @g. 
Let K = 
ness. : 
Then total twisting couple 
sin a. sin @. 


constant defining Bese stiff. 


Lie 


In extreme circumstances this twistinlt 
couple can amount to some thousands of 


foot-pounds, whereas with the vertical 


link this effect is absent, which is an- 
other point in favour of the vertical link. - 
Also with the inclined link it is fairly — 


apparent that more rolling must take 
place. 


Conclusion. 


The author trusts that his attempts at 
solving some of the problems associated 
with railway carriage bogies may arouse 
interest in a subject that badly needs 
scientific investigation to bring it into 
line with the great advances that have 
been made in other branches of railway 
science. 
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Painting the Quebec bridge. 


Figs. 1 to 4, pp. 935 to 938. 


(From Railway Engineering and Maintenance.) 


Whether considered from the stand- 
point of size, difficulties presented or 
methods employed, probably the most 
outstanding and interesting railway 
bridge painting project on the North 
American continent is the Quebec bridge 
of the Canadian National over the St. Law- 
rence river, near Quebec, Canada. This 
bridge, which is of the cantilever type 
and has the longest and heaviest riveted 
span of any bridge in the world, con- 
tains 66 480 tons of structural steel, the 
surface of which requires 7500 gallons 
of paint for a single coat, while 70 gal- 
lons of paint are required for a single 
coat for each of the four main posts. 

Special features of interest in connec- 
tion with the painting of the bridge are 
the use of a chromate content paint, 
green in color, and the fact that, in spite 
of the use of up-to-date spray painting 
equipment on most of the work, and a 
working season extending from the 
middle of May until the last week in 
September of each year, it requires three 
years to give the bridge a single coat. 
‘Other features of interest are the unusual 
difficulties encountered in the work, 
including the hazard of working from 
100 to 405 feet above the river, and the 
favorable results which have been ac- 
complished by the methods employed 
during the last four years. 


Details of bridge. 


The Quebec bridge, which has two 
main cantilever arms supporting a 
through truss suspended span over the 


river channel, is a two-track structure, 
with two 5-foot sidewalks, and a 
16-foot roadway between the tracks. 
This bridge, which was completed in 
September 1917, forms a link connecting 
the Canadian National lines on the south 
shore of the St. Lawrence river with 
those on the north, and shortens the 
railway mileage from Winnipeg to Hali- 
fax by about 200 miles. 

In order that one unfamiliar with 
the bridge may fully sense its size and 
the magnitude of the work involved in 
its maintenance, as well as the hazards, 
the following dimensions are given : 


Length of suspended span . 640 feet. 
Length of cantilever arms . 580 — 
Length of anchor arms . 515 — 
Total length of steel work . 3239 — 
Distance center to center of main 

span ; 1800 — 
Width center ny artsy of main 

trusses . . 88 — 
Width center to ne of gifs 

tracks j 32 ft. 6 in. 
Depth center to tte of ita 

of suspended span at center. 110 feet. 
Depth of suspended span at hip. (Wie 


Depth of cantilever arm at end. 70 — 
Height of main posts, center to 


center of pins . 310 — 
Depth of anchor arms Be hiciir 

PICU S ree ca oc 70° — 
Height of sivended an aye 

high water. 150 — 
Height of Dhaene ca Ae 

low water Sh cM ts date bog, oo 


Pan 


Height of south main ee above 
128 feet. 


foundation . 
Height of north main pee rave : 
foundation. . . - 108 — 
. Height of south ilchor pier Thove = : 
foundation. . . ; EN 
Height of north pacer pier cre 
foundation 3) os 3 san ee lod) = 


The Forth bridge, over the Firth of 


Forth in Scotland, with which the Que- 
bec bridge may be readily compared be- 


cause of its similarity of type, has an 


overall length of 7 870 ft. 8 in., with two 
clear spans of 1700 feet each. Other 
details of this bridge, which was com- 
pleted in March, 1890, are included in an 
article which appeared in Railway En- 
gineering and Maintenance for October, 
1930. 

Maintenance work on the Quebec 
bridge to the present time has been lar- 
gely one of painting. Up to 1926 spot 
painting had been sufficient to keep the 
structure fully protected, the work being 
done with a relatively small force of 
men, using the brush method exclusively. 

In 1926, however, it was deemed ad- 
visable to start a regular program of 
painting, designed to keep the bridge in 
uniformly good condition. In formu- 
lating this program, the most careful 
consideration was given to the method 
of procedure, equipment, organization, 
and character of paint, in order to insure 
the most effective protection to the 
bridge at minimum cost. The program 
laid out was made to extend over a 
period of five years, four years to be 
utilized in the application of one coat, 
and the fifth year given over to a detailed 
inspection of the bridge and the filling 


of all joints or other places which might — 


allow water to get in and cause corro- 
sion. 


The maintenance of such 4 program, 


particularly in view of the relatively 


short season favorable to painting work 
in the St. Lawrence valley, dictated the 
use of paint spraying equipment to as 


“sary otherwise. 
- bridge proved the adaptability and effec- — 


large an extat as s possible, if it could 
be proved to be effective and economi-' 
cal, in order to preclude the large force 
of brush painters which would be neces- 


Extensive tests on the 


tiveness of spray painting for at least 
80 % of the work, and this method was, 
therefore, adopted. 

The first large scale operations with 


“paint spray equipment were started in 
1927 after about 25 % of the season’s 


work had been completed, when five 


two-gun outfits were put in service. 


These outfits, which are still in use, and 


have since been supplemented by an ad- 
ditional two-gun outfit, were furnished — 


by the De Vilbiss Company. Each outfit, 
in addition to the two guns, includes 
essentially a 14-gallon pressure paint 
tank equipped with an air-operated agi- 
tator, and suitable lengths of air and 
paint hose. Air for the operation of all 
of the guns is provided by an Ingersoll- 
ae tie tamper compressor, which has 

a capacity of 160 cubic feet of air per 
minute. 


Little cleaning necessary. 


In painting the Quebec bridge, the 
work is carried across the bridge from 
one end, taking in both trusses, the floor 
system and the interior bracing as the 
work progresses. Cleaning, scraping 
and spot painting sufficient to keep the 
full painting equipment busy for about 
a month is the first work undertaken 
each year. Upon the completion of this 
work, the painting is started and brought 
up with the cleaning work, following 
which the cleaning work is again car- 
ried forward a month or so in advance 
of the painting work. While cleaning 
operations are being carried out, the 
spray painting equipment is thoroughly 
overhauled and the scaffolding and ropes 
are carefully gone over and repaired or 
replaced. When painting operations are 
resumed, therefore, Se pean is in rea- 
diness. 


little cleaning and scraping 


- Owing to the care which has been 


given to the bridge since its construc- 


tion and, to a certain extent, to the 
fact tha the deck members are not sub- 


ject. to the attack of any appreciable _ 


quantity of brine - drippings, relatively 
leaning work has 
been necessary, requiring only a week 
or two of the time of the painting crew, 
two or three times a season. No scaf- 
folds or power tools are used in this 
work, the men finding it more conve- 
nient and quicker to crawl about over the 
bridge members and do such cleaning 
and scraping as may be necessary with 
wire brushes and simple hand scrapers 
of different designs. All spot painting 
is done with brushes, using red lead, and 
follows closely behind the cleaning. 


_ Extensive use of scaffolding. 


Painting of the bridge is done with 
both the paint spraying equipment and 
brushes, although the brush work on the 
bridge is only a relatively small propor- 
tion of all of the painting and is confined 
largely to the interior lattice bracing 
between the trusses, Regardless of the 
method of painting, scaffolding is requir- 
ed for the major part of the work, this 
being of the suspended type, largely with 
block and tackle hoisting and lowering 
arrangements to facilitate its adjustment. 

The scaffolding used is entirely of tim- 
ber, made as light as possible, and fram- 
ed together with, or supplied with, eye- 
bolts to provide convenient and secure 
hitching points for the supporting ropes. 
Of necessity the scaffolding assumes ma- 
ny different forms and shapes to serve 
best in enabling the painters to reach 
the greatest areas with safety. This fac- 
tor requires more than ordinary skill on 
the part of those arranging and hanging 
the scaffolding and has led to the most 
careful inspection of all scaffolds before 
the painters are allowed on them. 

Minor adjustments of the scaffolding | 
are made by the painters during paint- 


So CC 


ing operations, but all changing of the 
locations of scaffolds is done by a sepa-. 
rate crew of men, which, in fact, keeps 
scaffolding erected in advance of. the. 


painters so as not to delay painting 


Fig: 1. 


— A paint sprayer in use. 


operations. The work of the scaffold 
crew is greatly facilitated and speeded 
up by the provision of an air-operated 
winch on the rear of the air compressor 
car, which is used in all of the heavier 
hoisting and lowering operations. 
‘Through the skill of the scaffold men 


who have been employed on the bridge, 
and the rigid inspection made of all 
scaffolding, not a scaffold failure has oc- 
curred in the painting work. In fact 
not a single accident has occurred to 
any of the painting crew, a record which 
is most significant in view of the hazards 
involved. 


Spray painting. 


In the spray painting work ‘the air 


compressor stands on the more easterly © 
of the two bridge tracks, which is not 


used for traffic, and the six-pressure 
paint containers are scattered about ‘ony 


above or below the deck in close proxi- — 


Fig. 2. — The Quebec bridge. 7 500 gallons of paint are required to give it one coat. 


mity to the points where actual painting 
is going on. The men with the spray 
guns supplied from each tank usually 
work near each other, and each gun ope- 
rator is assisted by a helper who holds 
and insures free movement of the paint 
and air hose. At many points the helper 
is not necessary but, ordinarily, his as- 
sistance gives a wider range of operation 
and greater freedom: of:-movement to the 


nates the setting up and adjusting of a 
lot of scaffolding. Frequently, too, the 
helpers take over the paint guns to re- 
lieve the regular painters and, in this 
way, an excess of capable gun operation 
is always available. 

All of the gun operators are » equipped 
with goggles and respirators, but these 
are generally used only when working 


__in confined areas- of, where the opera- 
gun operator and, incidentally, elimi- tors are subject to spray carried by the-- 


e 


eo 


wind. One precaution taken consistent- 


ly by the gun operators to protect their 


skin and to facilitate cleaning up after 
work is to coat their hands and face 
with vaseline before starting work each 
day. 


eo... 
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With a relief operator for each paint 
gun and the scaffolding kept placed in 
advance of the work, all 12 guns of the 
paint spraying equipment are kept busy 
practically continuously throughout the 
day. As a further effort to this end, 


Fig. 3. — The power plant of the painting gang of ihe east portal 
of the bridge. 


filled pressure containers with the paint 
thoroughly mixed by the mechanical 
mixers within them, are always kept 
available to replace those employed in 
the painting work. These containers are 
hoisted about the bridge to the points 
desired by means of the air-operated 
winch on the platform of the compres- 
sor, and thereby, a replenished supply 
of paint is furnished to the guns with 


little physical effort and with minimum 
delay to their operation. Two spare 
guns are also kept on hand to change out 
any guns which may give trouble. 


Winds, fogs, and mists. 


In addition to the hazardous nature of 
a large part of the work of painting the 


bridge and the difficulties which this 


-— 


involves, ae aaa difficulties are 


encountered in the painting work. ge 
-sibly the most important of these are 
presented by the strong winds which 


sweep down the St. Lawrence and the 
frequent heavy fogs or early morning 
mists which hang over the river valley. ~ 
Both of these factors increase the ha- 
zards of the work and add to the diffi- 


mon has ade it necessary co , shift thes 


work to better. protected parts of the 


bridge, and, in some cases, it has been 


necessary io give up the use of the paint 


Fig. 4. — Working on the deck in windy weather. 


Note men wearlng respirators— Work on floor girders is done at times when high winds do not 
permit of painting the more exposed portions of the bridge. 


guns entirely. Ordinarily, however, with 
such broad expanses of steel as are found 
in many of the bridge members, it is 
possible to continue work with the spray 
guns at certain places regardless of wind 
conditions. 

Many of the bridge members and 


plates are from two feet to ten feet wide 


and, if sheltered at all, can be painted 


with little difficulty in a considerable 


wind. . The broad expanses of the 
through plate girders of the deck system 


and the interiors of large box members 
with one or two lattice sides also present 
surfaces which can be painted effecti- 
vely when the wind would interfere with 
painting in fully exposed or unshielded 
areas. Usually, therefore, painting of 
these larger members with the guns is 


reserved for weather less favorable for 


spray painting the smaller members or 
those exposed to heavy-wind. When it is 
desirable to curtail the use of the spray 
guns for a period of time because of 


aa continue to be used in the future. 
paint under the formulae or specifica- 


the ef “a > enlace He | aii ieaPaviee of 
the bridge by the use of the green paint. 


ie A study of the paints best suited to the 
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General painting. Patching. 
Pigment (as above). 58-62 62-66 
Raw linseed oil . 20-21. 18-19 
Boiled linseed oil. 116217 » 14-15 
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_ Paints of other formulae have been 
used on the bridge, more or less as tests, 


the most prominent being one containing 


a carbonate in the pigment. The greatest 


satisfaction | is being secured from paint 
Das the above formula, however, and it is 


likely that paint of this character will 
All 


tions issued is purchased ready-mixed in 


five-gallon drums, a manner which has 
been found most convenient for handling 


in the work. Not only that, but pur- 


‘chase is made in this size container be- 


cause of the more thorough mixing that 
is obtained than when paint is purcha- 
sed in Eger, drums or barrels, 


Forty men in painting crew. 


Owing to the extent of the work of 


painting the bridge and the limited 
working season each year, the painting 


force is maintained at about 40 men, a 
relatively large force under ordinary cir- 
cumstances for the operation of 12 paint 
spray guns. On the other hand, as has 
been pointed out, there is an unusual 
amount of auxiliary work in connection 
with the painting of the bridge, includ- 
ing the brush work and the arranging 
of scaffolding, which makes necessary a 


larger force than would be required or-— 
helpers on the 


‘dinarily. In addition, pers 
deck increase the size of the force, but 


these men, who replenish the supplies of 0} 


the painters in addition to carrying out 
considerable auxiliary work, save a large 
amount of the time of the painters in 
climbing back and forth over the bridge 
in filling their own requirements nee 
materials. 

_The normal make-up of the painting 
force on the bridge is as follows : 


1 foreman. 
assistant foreman. 
12 painters. 

12 painter helpers. 


— 


5 men employed in moving and adjusting 
scaffolding. 

3 helpers on the bridge deck, handling sup- 
plies. 


1 mechanic, who is in charge of the air com- 
pressor and who also repairs and regu- 
lates the paint spraying equipment. 

blacksmith, who has charge of the material 
store and who makes and sharpens all of 
the scraping tools used on the work, and 
also makes all scaffold forgings. 

2 watchmen, who look after the equipment at 
night, since it is left out on the bridge 
continually to save the time and expense 
of bringing it in to a storage point each 
night. 

timekeeper, 
painting force. 


_ 


— 


In addition, one man is employed as a 


boatman and is required to row about - 


under that part of the structure where 
the men are working. The boat is equip- 
ped with life preservers for use in case 
more than one man should fall from the 
bridge at the same time. : 


The force as outlined is maintained 


throughout the working season, altered 


in arrangement from time to time, de- 


pending upon the character of work 


who keeps the records of the 


new men. 
Spray method shows saving. 
In view of the fact that ou cpetace: 


painting of the bridge has never been 
done entirely by the brush method, it 


is impossible to compare by actual ey 


gures the cost of the spray painting work 


with that of brush painting. Neither is 


it possible to state accurately the size of 
the brush painting force that would be 
necessary to accomplish an amount of 
work equivalent to that effected by the 
spray painting force of 40 men. Such 
comparable data as are available, huwe- 
ver, indicate that a force employing the 
brush painting method exclusively 
would have to be three or four times as 
large as the spraying force, and that the 
cost of work would be increased mate- 
rially. 

An analysis of the cost of the painting 
work carried out during 1927, in which 
year 10 paint guns were put in opera- 
tion after about 25 % of the season’s 


work had been done by the brush me- 


thod, shows that the labor cost of apply- 
ing the paint -amounted to $7.14 per 


gallon, this including all auxiliary item 


such as scraping and spot painting 
1928, in which year the spray pair ; 
method was used exclusively, except in 
painting the inside bracing, the lab 
cost of the spray painting alone amount- 
ed to $2.83 a gallon, while the total cost 
of painting, including all items except | 


the cost of the paint, was $5. 34a gallon. 


of paint applied to the bridge. 


4 
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Amount of paint applied. 


Records of the complete four-year 
painting program, from 1926 through 
1929, show how the paint spraying 
equipment has increased the amount of 
work accomplished. In 1926, with a 
large brush painting force, 1 762 gallons 
of paint were applied. In 1927, owing 
to the curtailment of the painting pro- 
gram, only 896 gallons of paint were ap- 
plied, in spite of the fact that 10 paint 
spray guns were put in operation that 
year after about 25 % of the work had 
been completed, In 1928, with the same 
paint spraying equipment, 2073 gallons 
of paint were applied to the bridge, and 
in 1929, with 12 spray guns in operation; 
2765 gallons of paint, were applied, 
completing the single-coat painting of 


the bridge, which, altogether, involved 
the application of 7496 gallons of paint. 


The quality of the work which has 
been done with the spraying equipment 
is said to be excellent. It is admitted 
that there is some loss of paint in using 
this method, particularly when working 
on small members unprotected from the 
wind, but it is felt that this loss is small 
and that it is more than compensated for 
by the speed and economy with which 
the paint is applied. 

The painting of the Quebec bridge is 
done under the general direction of 
T. T. Irving, chief engineer, and C. P. 
Disney, bridge engineer, Central region 
of the Canadian National, and under the 
direct supervision of E. S. Piton, bridge 
and building master. 
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ae new rail brake. er ert 


_ The latest development in hump yard 
operation is the eddy current brake 
made by the Westinghouse Brake and 
Saxby Signal Company, Ltd., of 82, York- 
road, King’s Cross, London. That a 
braking effect can be produced by eddy 
currents in a metal disc revolving in a 
magnetic field has been known for many 
years, but the possibility of utilising this 
eddy current effect for the purpose of 
retarding railway wagons was first real- 
ised by Drs. Baeseler and Thomas, who, 
in 1925, produced an eddy current rail 
brake which was shown at the Trans- 


port Exhibition held in Munich in that _ 


year. Subsequent experiments led to 
the design of another eddy current | 
brake, which was installed at Magde- 
burg in November, 1928, and this brake 
has been in operation day and night - 
ever since. From tests carried out on 
the brake while in actual operation, 
‘useful information was obtained, and as 
the result of this the improved brake, 
which is being supplied by the Westing- 
house Brake and Saxby Signal Company, 
-and which was demonstrated at the com- 
pany’s Chippenham works on Tuesday, 
24th March, was evolved. A plan of, 
and cross sections through, a double rail 
‘brake are shown in figure 1, from which 
it will be seen that brake beams A ex- 
tend through the whole length of the 
retarder and are supported at intervals 
by core pieces B, which rest on the 
cores C of electro-magnets. The beams 
A are capable of limited movement to- 
-wards, or away from, the running rails, 


“Figs. 1 and 2 pp. 943 to: 145. eet re gts Very 
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thay obeys made: possible “by hinges coke 
whilst springs F constrain the move-— 
ment and return. the beams to their nor- 
mal position when the brake is unoc- 
-cupied. Foundation bolts hold the ma- 
gnet rigidly on the concrete foundations. 
The poles between which the wagon 
wheels run, consist of bars G, which 
normally project above the beams A, and 
as a certain amount of wear on the 
parts actually in contact with the wheels 
is inevitable, separate wearing strips H 
are attached to the bars G in order to 
make replacement as simple and inex- 
pensive as possible. If it were not ne- 
cessary for locomotives to pass through 
the brake, the bars G might be rigidly 
fixed to the beams A, but as locomotives 
might foul the bars in this position, 


“provision has been made for lowering 


the bars into a position in which their 
tops are on a level with the upper sur- 
face of the beams A. For this purpose 
the mechanism shown in the upper part 
of figure 1 is provided. At intervals the 
bars are attached to blocks, which slide 
in sloping guides J, fixed to the brake — 
beams A, and raising or lowering | is ef- 
fected by pushing or pulling the bars 
horizontally by means of a rod K, oper- 
ated by a motor L through gears and the 
screwed shaft M. — 

This is the only mechanically oper- 
ated part of the brake, the actual mov- 
ing parts being the bars G, and as this 
movement plays no part in the braking 
action, the process of braking may be 
said to be achieved without any move- 
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perce ae in 1 eajulutie if tabu ves ee ‘the 
slightly varying thickness of the wheel 
tires. The overall length of the standard 
retarder is 50 feet, and a double retarder 
of this length is fitted with twelve 
magnets, or six per rail: .As shown in 
the drawing figure 1, the magnets are — 
mounted horizontally immediately be- 
neath the rail, the windings being im- 
pregnated and enclosed in a sealed sheet of the magnetic imaterial of ce ‘ 
metal case, with sealing compound, tire, there is a tendency for a grea 
which renders the whole structure ab- sudden increase of the flux, but, 
solutely water-tight and failure as the to the rotation of the wheels, 
result of the track becoming flooded is opposed by the setting up of eddy cu 
not, therefore, likely to be experienced. rents in the tires and brake beam: i 
Channels are provided in the reinforced it is the interaction of these eddy cur- 
concrete foundation for the purpose of rents and the magnetic flux that pro- = 
drainage and for laying the cable. The duces the braking effect. When the © 
magnet cores and the brake beams A are wheels enter the brake, on account of 
composed of sheets of steel, which are the great magnetic attraction, they are _ 
riveted together, while the core pieces gripped by the brake beams, and a cer- 
connecting them consist of plates loosely tain amount of friction occurs. A por- — 
held together and hinged to both the tion of the braking effect is, therefore, 
brake beams and the magnet cores in purely mechanical, but it is only in the 
the manner described. This loose con- neighbourhood of about 20 to 30 % of 
struction permits of the movement of the total effect. In consequence of the 
the brake beams necessary to allow for fact that when the- wagon enters the 
varying wheel tire thicknesses, while, brake the building up of the flux is de-_ 
owing to the attractive and binding ac- layed, the wagon always enters the 
tion of the magnetic field produced, brake perfectly smoothly, irrespective of 
which holds the plates firmly together, its speed or weight. The strong ma- 
no rattling and consequent wear can gnetic field passing through the wheel | 
occur during operation. If desired, the tire tends to bind the wheels to the 
brake can be mounted on a wooden brake and to hold the wagon down on 
_ foundation, which besides being cheaper to the track. The greater the amount 
than concrete, can, if the necessary of energy applied to the brake, the more 
preparations are made beforehand, be pronounced does this effect become, and © 
put into place during a slack period. it is said that the lightest wagons may 
The foundation is laid on about 10 in- be run into the brake at the highest 
ches to 1 foot of ballast and consists of speed without fear of derailment. : 
a framework of sleepers lying close The brake need not always conform 
together. On this framework stout oak with the arrangement shown in figure 1. 
baulks are laid lengthwise and they It is not necessary, for instance, to have 
carry the sleepers for the track rails, a brake acting along both rails. Single-_ 
the poles of the magnets being fastened rail brakes are sometimes advantageous 
by special wooden supports to the longi- and the eddy current brake is -particu- — 
tudinal baulks. © larly applicable to a single rail, as no — 
When the magnet windings are ener- resultant torque is set up on the wagon 
gised before the wagon wheels enter the axles, as is the case with single-rail fric- be 3 
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capacity, of the converting plant. Two 
or more definite values of excitation are 
_ provided for, and even the lightest -wa- 
-gons can be subjected to the maximum 
-retainin effort without danger. Provi- 
sion i de for breaking the highly in- 
as. rapidly as possible. 
‘rolling: purposes a very sim- 


ple arrangement is provided, there being 


two hemes ons for starting and stopping 

- motor or generator set, and a control 
hata ran the brake. Adequate protec- 
— tion is pro vided to ensure against faults 
at the brake and other apparatus, and 
mistakes on the part of the operator. In 
the te * of an overload occurring at the 


ke amp lights 1 up anda bell es 
de the control cabin: ; 

control eeaiess the 
mb switches, the hump signal 
and indication lamps are 
ona sleping panel of the con-- 
‘ol desk, which is arranged so that the 
yperator may sit before it with an un- 
cbstructed view of the terri tory over 


which he has control. The panel may 


be provided with a schematic track dia- 
gram of the yard, and in this case the 
point-thumb switches would be situated 
at appropriate parts of the diagram, and 
there would be three indication lamps 
for each set of points. 


At the summit of the hump there is 
a humping signal of the three-aspect 


colour light type, controlled on the 
« series indication » system, which re- 
peats ihe actual signal on the control 
panel and also provides for the dual 
control of the signal by the opgiator 
and the head shunter. 


The retarder is claimed to possess a 
number of important advantages over 
those depending purely on mechanical 
friction. The danger of derailment of 
wagons through the squeezing of the 
brake beams is a matter which has en- 
gaged the attention of many brake de- 
signers, and has often been a source of 
trouble to users, but with the eddy cur- 
rent brake, no trouble occurs. This, we 
are told, has been amply proved by tests 
carried out on the brake when light 
empty wagons were run into the fully 
excited brake at the highest speed ob- 
tainable, and in spite of the very rapid 
retardation no trace of lifting was ob- 


served. Tests are also said to show that 


the braking effort obtained is just as 
powerful as that of friction retarders, 
whilst on account of the very smooth 


entry of wagons into the retarder there 


is no danger of damage being done to 
the loading. As the braking force due 
to friction is small in comparison with 
the total force, the performance of the 
brake is very constant, and weather con- 


ge 


di ions, the presence f ¢ 


aes which - . int . fere 
braking have little effect, 


nd NUainteAnnee is ‘very aa e, 
for whereas the moving parts of me- 
chanical brakes wear, and - ‘require re- 
placement, the life of the corresponding 
heavy parts of the electric brake is only 
determined by rusting and corrosion. 
The vertical raising of the brake beams, 
which is necessary to allow locomotives 
to run through the retarder unhindered, | 
is a feature of many forms of brakes, wagons br 
but in the present case this movement brake, the cur € 
has been limited to the actual brake  turally being: steeper than 
bars, the remainder of the equipment excitation. 
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Figs. 1 to 3, pp. 947 and 948. 
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The Erie has recently completed the 
installation of car retarders and power 
switch machines in its reconstructed 

- westbound classification yard at Marion, — 
Ohio. As a result of these improve- 
ments, the operating cost of handling 
cars through the yard has been reduced 
approximately 40 cents per car, and the 
capacity of the yard has been increased 
to such an extent that classification 
formerly handled at other yards is now 
being done in Marion. 


Gaon Onion : 
pasta at Marion n Junction, the | 


Operating problems. 
Marion is located 269 miles east of 
Chicago on the main line of the Erie 
from which point a branch line extends 


“~~Engine track 


Flood light tower. _ 
Power hovse 


17 Retarders 
24 Switch machines 
1 Track circuit for each switch 


~<— West 


a 


_~ 


“numerous empty refrigerator cars for 
fruit and meat service. 

The westbound classification facilities 
at Marion were improved in order that 
complete classifications could be made 
for connecting lines west of Marion and 
for the Chicago gateway, as well as for 
certain industrial districts and freight 


stations on the Erie in Chicago. 


aL 2. — rae of yard Tesnut showing grades. 


Thirty 
separate classifications are now being 


made in the new layout with 24 yard 


tracks. Approximately 3000 westbound 
cars can be classified daily, as compared 
with a maximum of 1 629 cars under the 
old system of rider operation in vogue 
a year ago. 


XK 


5 Receiving tracks 


i 


tard improvements. 


si—ieke 


‘The old eutound yard included 
16 tracks lying in a general east-anc 
direction north of the main ce ica 
Le.l. freight transfer station was located 
just ‘north of this old yard, and although 


it is planned to move these facilities 


elsewhere within the next few years, it 
was not necessary to do so in order to 
enlarge the yard, because the eight new 
tracks were located north of the l.c.l. 


eet 


Fig. 3. -- A four-track group in the new side of the yard. 


north of the classification yard. This 
arrangement has occasioned no serious 
inconvenience. 


The new arrangement necessitated 


that the hump be relocated near the 


center of the enlarged track layout. 
New leads were built from the new 
hump to connect with the 16 tracks in 


the old yard and the 8 tracks in the 


new addition. The capacity of the 
tracks varies from 39 to 125 cars, with 
a total yard capacity on the classifica- 
tion tracks of 2000 cars. The natural 
slope of the ground in this area is west- 
ward, and a fill varying from 3 to 13 feet 


tarders and switches, while 100. -lb. re- 


aap 


Gatien: ‘of ae iain ne ieee ace 
ways did not allow spa e for Bee 
struction 
east of the ane 


‘Therefore, : as a 


of getting out of the way a westhied 
train that arrives when another trail 
being ae a yer tere ‘rect 


required approximately 76000 cubic 
yards of clay, with a top dressing of 
cinders. New 110-lb. rails with treated 
ties and crushed rock-ballast were used — 
down the hump and throughout the re- 


layer rails with gravel ballast were used 
on the yard tracks. : . * 


In designing the grades down ‘the 
hump and throughout the yard track 

consideration was given to the fa 
many empty cars were to be classified. 
The climatic conditions and the fact E 
that the prevailing wind is from the 

southwest also entered into ‘consider- 
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Sa ace. epiipolied yas (6 
with one operator in tower A 
in tower B. Teletype equip- 
ae ent is: provided for making switching 
ard office and in each of 


: The Pins. and - power switches are 
a “of the ba per ermane. type, and to- 


: 5 

by the Unio 
The model-28 car retarder used in this 

o. Paes, automatically for car 


: wheels to rop back on the rails if they 


‘Switch & eae ‘Company. 


tently be pinched out of 


nord <q 


S me of. an ees, 
ak Abies tenders, was em- 
, 1200 or more cars 
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of ‘the yard. 

witches are 
reuils and 
to wae 


¢ ae a mini- 
pprcach to the 


being 1629 cars. 
sts are. not separated 
and easiepund 


ts were oti of oe per « car 
ear a o ae an pamer ee os 2 sea cars 


“The caninonnd ica is oper. 
at a a yard brakemen and car riders 
as before, the only improvement in lay- 
out or equipment being in the westbound 
yal d. However, certain economies have 
nm accomplished by improved me- 
thods of operation in the yard as a 
whole during therveare. 

AS a result of these improvements in 
yard layout, equipment, and methods of 
operation, it has been possible to re- 
duce the number of yard engines re- 
quired; where 28 daily were feduired a 
year ago, the number now ranges from 
11 to 18. Additional economies, includ- 
ing the reduced cost of operating the 
westbound yard, now equipped with re- 
tarders, has reduced the average oper- 
ating cost for yard service from ry cents 
a year ago, to 50 cents per car classified 
in both yards, and operating officers 
estimate that about 32 cents of the sav- 
ing per car has been brought about by 
the new westbound yard layout and re- 
tarder equipment. 

The yard improvements cost $597 000, 


including $240000 for the retarders, 
power. switches, signals, compressor 
equipment, teletype system, floodlight- 


ing layouts, etc. On the basis of the 
present number of cars handled, an an- 
nual saving of approximately $175 000 
is made, which represents a return of 
approximately 30 % on the investment. 
Furthermore, as explained previously, 
_ the operating expense will be increased 
so slightly that the cost per car will be 
decreased rapidly as traffic grows and 
as the classifications now made at Ham- 
mond, Ind., are transferred to Marion. 


There has recently been completed at 
the Ipswich Works of Ransomes & Ra- 
pier the most powerful railway break- 
down crane yet built in Great Britain, 
with a lifting capacity of 105 tons. In 
any high-capacity crane of this cha- 
racter, one of the chief problems to be 
solved is that connected with its mo- 


bility. It must pass within the loading 


gauge of the railway over which it is 
used, and it must also, when in travel- 


ling order, conform to the usual restric- 


tions on maximum axle-loading of rol- 
ling-stock. It is to meet the latter re- 
strictions that the Stokes principle of 
the relieving bogie has been evolved. 
The crane, when running, is flanked at 
both ends by bogie trucks of special 
design, to which part of its weight is 
transferred, and this has the effect of 
distributing the weight over a consider- 
ably longer wheelbase; but when the 
crane reaches the site of operations, the 
bogies can be uncoupled and removed 
in a few minutes, and the crane then 
works on its own suitably short wheel- 
base when dealing with heavy loads. 
By means of a screw and worm-wheel 


arrangement, each of the bogies is per- 


manently attached to one end of a coup- 
ling member or relieving girder, about 
which the bogie itself is free to swivel. 
The method of attachment of these re- 
lieving girders to the headstock of the 
crane is such, again, that swivelling mo- 
tion is possible. The fixed wheelbase 
of the crane is thus in no way increased 
when it is in running order, but the set 
of three vehicles has a degree of flexi- 


Figs. 1 and 2, pp. 951 and 953, 
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bility which enables them to travers 
pa ease the pea ‘curves in a 


enable an MW porated with anny “Ti 
experience to enien ere the crane for 


under } review, the rie of connie an 
uncoupling the bogies and transferring ~ 
the load is accomplished without diffi- 
culty in from 3 to 5 minutes. ; 
There are other advantages attaching 
to the Stokes principle. With a break- 
down crane of the ordinary type, the 
match-truck provided to run with the 
crane, in order to clear the full length 
of the jib in the horizontal running po- 
sition, may be anything up to 35 feet in 
length. On arrival at the wreck, or 
whatever the particular work may be,, 
the crane has first to dispose of the | 
match-truck, and unless it is left some 
distance away from the site of oper- 
ations, this is sometimes a matter of no 
small difficulty, owing to the probable 
inability of the crane to swing so large 
a vehicle round on its own rail from a 
leading to a trailing position. With the 
Stokes crane, however, a short match = 
truck is sufficient to pttord oe m 


crane ie up to a sees beta ae 
bogies and match-truck are removed — ) 
a point of no small importance, 
preserves the moderate axle-loading of 
the crane (in running order) over track 
which may be damaged as a result of — 
the wreck, and so in an unsuitable con- 
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superstructure ¢ ot tek crane be arranged 
with its axis central between the head- 
stocks, when in running order, it is ne- 
cessary to suspend the oe. by means: & 
the derrick ropes; 2d 
on the moat cnr ela ‘the “Riser 
would throw too great a load on the 
axles at one end of the crane carriage. 
This undesirable arrangement can be 
avoided only by placing the crane axis 
forward of the centre of its carriage, 
but this, on the other hand, reduces the 
clearance over the rear headstock, so 
that, if full use is to be made of the crane 
on arrival at its work, it is imperative 
that it shall arrive with the front head- 
stock leading. It is this reduction of 
rear clearance that often paevents the 
a t with outriggers. 


** 


“ees. 105 iene at 20 feat 


Main hook 


—- — 65 = zomieeu 
— = 45 — 30 feet . 
— s0° =— «20 Teet 
—-— = 60 .— 25 fet 
—- — .. 40 — 30 feet 
Auxiliary hook . 25 2=), 285 feet 


Lift unpropped. 


Main hook 20 tons at 20 feet 
Auxiliary hook. 15 | — 96 feat: 
—F = 12 — 30 feet 
=== — yee a 35 feet. 


Under test, the crane lifted a maxi- 
mum load of 126 tons; the normal car- 
rying capacity of 105 tons would be 
more than sufficient to lift one of the 
Gresley Pacific locomotives of the Lon- 
don & North Eastern Railway. The 
maximum height of lift at 20 feet radius 
is 24 feet above rail level, and the maxi- 


F over eke ptionnelly, erp 


has been designed is as follows : u 


dean eet ‘the! sub fitution di 
bone panes pe ie four 


the particular crane under revie 
ever, fixed axles are employed. — 
The duty for which this 105-ton | crane 


radius with full ballast. 


radius with remoyable 


radius. 


still remains a “C 
from the fro: 
bh bees 


feet per mi- 
yEpOnls lifted 
arricke 


wr in fast gear aie p. yi 
Attention may now be devoted to the 
leading constructional details. The jib 
at is of “the swan-neck type, with plate 
cae braced at the top and the bottom. 
- Double plating with packers for the 
bearings and engine fixings is employed 
for the crane sides, making a particular- 
ly stiff and solid framework, to which 
the tail girders are firmly attached and 
support the boiler and the ballast. The 
permanent ballast consists of vertical 
slabs at the extreme rear of the crane, 
through which suitable openings have 
been cut to give access to the boiler 
manhole and the tube doors. For the 
heaviest lifting operations, arrangements 
are made to carry additional removable 
ballast; the crane attaches this by lifting 
the slabs on to its carriage, and then 
slewing its superstructure until the tail is 
immediately over the ballast, which is 
then easily attached. In this way it is not 
necessary for another crane to be em- 
ployed for the purpose of adding the 
removable ballast. Propping girders are 
provided to enable the crane to take a 
firm bearing on the ground, at the maxi- 
mum possible distance from the centre- 
line, as well as the bearing on the track. 
These are built up of rolled steel sec- 
tions, and are of a telescopic type, in 
two sets, one at the front and the other 
at the rear of the crane carriage; rack- 
and-pinion gear operated by ratchet 
handles is fitted, so that the girders may 
easily be run in and out of the boxes 
containing them. Usually, with the 
Stokes type of crane, these boxes form 
rigid headstocks for the carriage, but in 
this crane only the forward box forms 
the headstock, the rear box being placed 


Fig. 2. — General view of breakdown crane in running order. 


between ewel of ihe axles. The end of 


attached to an equalising beam fitted 


with two propping screws, so that to 


two 
each propping beam is arranged to be eithe 


perfectly even bearing may be obtained | one trolled 


on uneven ground; the maximum width 
of bearing thus obtained, when — the 
beams are fully extended, is 17 feet, or 
more than three times the width of the 
gauge on which the crane itself stands. 


The carriage is built up of rolled steel. 


sections, strongly diaphragmed and ri- 
_ veted together, while the top founda- 
tion, to which the crane sides and all 
brackets are attached, and which thus 
forms the foundation of the superstruc- 
ture, is of cast steel. Each axle of the 
carriage is separately sprung, and re- 
lieving screws are fitted in order to 
avoid damage to the springs when the 
crane is working. 

The boiler, 5 ft. 6 in. diameter and 
8 ft. 6 in. high, is of the Cochran-Hop- 
wood multi-tubular type, supplied by 
Cochran & Co. Ltd., of Annan, and has 
the usual equipment. The working pres- 

sure is 150 lb. per square inch. The 
- cylinders, two in number,.are of 11 in- 
ches diameter by 12 inches stroke, and 
are cast with their guides in one piece; 
metallic packing is employed for piston 
and valve-rods; and cylinder lubrifica- 
tion is by means of forced feed into 
the main steam-pipe. The engine ex- 
haust can be turned into the chimney, 
for purposes of draught when required, 
or into the atmosphere at will. Steel 
gearing with machine-cut teeth is em- 
ployed throughout, with the exception 
of the slewing rack-and-pinion, and 
travel spur-gear, vhich have cast-steel 
teeth. The travel gear is operated by a 
shaft down the centre pin, operating 
two of the four axles, and the spur 
wheels on the axles are arranged to 
slide, so that when the crane is in train 
order the gears are out of mesh. The 
spur wheels are engaged or disengaged 
by means of handwheels on the side of 
the carriage. Brake gear is fitted to 


105 ions Te! is bie 28 vena this | 
brake in such a way as to give faster’ 
or slower speeds as desired. A point | “- 
of special note about this crane is the 
exceptional view obtained by the driver, 
all of whose controls are assem . 
the fore part of the superstructure Pe 
consequence of this arrangement, a 
separate fireman is required, but ‘this 
provision would have been necessary i (hth 
any case with a crane of this size. A 
canopy, which can be collapsed when 
the crane is running in train order, is 
placed over the driver’s position, and 
further protection” is afforded by re 
movable canvas side- -covers. A fixed a 
canopy is also arranged over the boiler 
and the fireman’s position. The length 
of the crane carriage is 25 ft. 6 in.; the 
maximum height above rail, in running = 
trim, is 15 ft. 9 in., and the maximum , 
width 10 ft. 2 in. Such dimensions 
would, of course, preclude it from run- 
ning over a Br itish railway, though 
there would be ample clearance on the 
4 ft.-8 1/2 in. gauge lines of Canada, the 
United States, the Argentine, the Austra- 
lian States which employ this gauge, and * 
elsewhere. The tail radius is 15 ft.9in. 
A curve of 300 feet minimum radius can 
be. traversed.da) a ee 
The frames of the Sidu cause _ 
bogies are built up from rolled-steel sec- 
tions. A_ball-and-socket connection is. 
provided between each relieving girder 
and its bogie, allowing for motion in all x 
directions of the — one relatively to the 
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other, and worm-and-screw gear is ar- 
ranged for adjusting the weight~-on the 
bogie, with gauges giving a clear indi- 
cation as to when the adjustment is cor- 
rect. At the crane end, each relieving 
girder is provided with two tongues, 
which fit into sockets on the crane head- 
stock, making a rigid connection in the 
vertical plane, but allowing of flexibility 
in the horizontal plane. The match-truck 
has no special features, except that the 
buffers are hinged in such a way that 
it is possible to house them into the 
headstocks for the purpose of reducing 
the overall length of crane, bogies and 
match-truck to 75 feet; this was a spe- 
cial requirement of the purchasers. The 
aggregate weight of the four vehicles is 
177 tons, of which the crane itself is 
responsible for 143 tons, the front and 
rear bogies for 11 tons each, and the 
match-truck for 12 tons. In running 
trim the match-truck, carrying part of 
the weight of the jib, weighs 21 tons; 
the front bogie, carrying 29 tons of the 
crane weight, totals 40 tons; the weight 
of the crane itself is reduced from 143 
to 67 tons — that is, less than halved — 
while the rear bogie, with 38 tons of the 
crane weight, turns the scale at 49 tons. 
In this order the axle-loadings, success- 
ively from front to rear, are 8 and 
fo 1008s) 15,13. and 14 tons; 16 1/2, 17, 


17 and 16 1/2 tons; and 17, 16 and 
16 tons; the maximum load on any one 
axle is thus 17 tons. In addition to 
these weights, the crane is provided 
with 11 tons of’removable ballast. The 
length of the crane carriage is 25 ft. 
6 in.; over the two bogies the length is 
55 ft. 7 in., and crane, bogies and match- 
truck together measure 76 fi. 4 in. over- 
all. 


A special feature of the crane equip- 
ment is that of self-contained electric 
floodlighting. A turbo-generator set of 
550 watts capacity, supplied by J. Stone 
& Co. Ltd., of Deptford, is carried on 
the revolving superstructure of the 
crane, and supplies current at 32 volts 
to 150-watt <« Tonum » floodlights on 
the jib and on both sides of the crane, 
as well as to suitable lighting inside the 
cab. Collector gear is also fitted to 
supply four sockets, one at each corner 
of the carriage, for the purpose of plug- 
ging in portable floodlights. In conclu- 
sion, it may be added that the crane has 
passed successfully through exacting 
tests, some of which, by the courtesy of 
the makers, we have been able to wit- 
ness, and has proved itself more than 
capable of fulfilling every requirement 
of the specification to which it has been 
built. 
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Statistics of rail breakages for the year 1930,” 


(First part.) 


We publish hereafter, in the new form adopted at the Madrid Congress (1930) (7), 
the information supplied by our member Administrations with regard to the rail 
breakages which occurred on their systems during the year 1930. 

Some Administrations having been unable to draw up statistics in this new 
form, in time for present publication,-have sent in information as required by 
the previous resolutions of the London Congres (1925) (7), at the same time intimat- 
ing their intention to draw up their statistics for 1931 according to the require- 
ments of the Madrid Congress. 


In the tables hereafter, and unless otherwise stated : 


Light rails applies to rails of a weight less than 85 lb. per yard (42.5 kgr. per 
metre). 


Medium rails, to rails of 85 to 105 Ib. per yard (42.5 to 52.5 kgr. per metre). 
Heavy rails, to those weighing 106 lb. per yard (58 kgr. per metre) or over. 
GERMANY. 
Deutsche Reichsbahn-Gesellschaft. 


Our statistics of rail breakages, as kept up to now, do not enable us to fill in 
the table submitted; we have, however, decided to extend our statistics in the sense 
indicated. 


(1) See Bulletin of the Railway Congress, December 1930 number, pp. 2236, 2240-2242. 
(2) See Bulletin of the Railway Congress, March 1926 number, p. 240. 
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BELGIUM. 


Belgian National 
Railway Company. 


Light rails : 


Weight : 38 ker. 
(76.60 Ib. per yard), 
profile adopted in 1863 (steel) 
and given up since, 


Weight ; 40.65 kgr. 
(81.94 lb. per yard), 
profile adopted in 1898 
and given up since. 


Medium rails : 


Weight: 50 kgr. 
(100.79 lb. per yard), 
profile adopted in 1910. 


Weight : 52 kgr, 
(104.82 lb. per yard), 
profile adopted in 1886 
and given up since. 


Heavy rails : 


Weight : 57 kgr. 
(114.90 lb. per yard), 
profile adopted in 1907 
and given up since. 


* In tunnels. 


rack 


with each rail profile. 


Length of single ti 


Miles, 


of the rail. 


In the length 


1926 to 1930 13 1921 to 1925} pet 33 


Number of English ton- miles passengers and goods : 18 996 180 000. 
Number of train-miles : 45 898 500, 
Total number of fractures : 280. 


Number of fractures per 10 000 000 train-kilometres or 6 250 000 train-miles’: 37.9. 


Outside the joint. 
57.2 
19.7 
13.4 


At the joint. 
42.8 
80.3 
86.6 
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Il. Medium rails 
Til, Heavy rails 


Percentages of fractures 
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MISCELLANEOUS INFORMATION. 


[ 336 ] 


The Second International Steam-Table Conference. — Skeleton steam tables. 


(From Mechanical Engineering.) 


The second Steam-Table Conference was 
held in Berlin during the week commencing 
23 June, 1930, in continuation of the first con- 
ference held in London in July, 1929, and re- 
ported in the February, 1930, issue of 
Mechanical Engineering, p. 120. 

The Conference was opened on Monday, 
23 June, by Prof. Dr. C. Matschoss, Director 
of the Verein deutscher Ingenieure, who in 
his introductory remarks referred feelingly 
to the loss sustained by the Conference 
through the death of Prof. H. L. Callendar, 
¥F, R. S. The proceedings then continued un- 
der the chairmanship of Prof W. Nernst. 

After the necessary formal ‘ass had 
been completed, it was decided, as . «ondon 
in 1929, to form a small committee to con- 
sider the actual revision of the values and 
enlargement of the skeleton tables. 

Mr. I. VY. Robinson was elected clairman of 
the Committee. 

Some meetings of the Committee were also 
attended by Mr. Blomquist and Prof. Dr. Ei- 
chelberg, and also, by other members of the 
various delegations. 

The Committee held five meetings, and re- 
ported to the final Plenary Meeting of the 
Conference on the forenoon of Thursday, 


of the different investigators, but 


Using the 1929 skeleton steam tables as a 
basis, the Committee had revised these tables 
by the consideration of new experimental da- 
ta, concerning which the different investiga- 
tors had submitted short reports. 

Thus the table of properties of saturated 
steam had been enlarged by including values 
for the properties of saturated water and 
steam at temperatures of 275 and 325° C. and 
in the table of the properties of superheated 
steam, values of the specific volume and total 
heat had been inserted for temperatures of 
150, 250, and 350° C. 

The additional experimental data available 
have thus made it possible to enlarge the 
skeleton tables so that they may serve as a 
more complete check to working tables prep- 
ared for the use of engineers. 

The tolerances, which are still retained, 
permit flexibility in formulations made to 
serve as the basis for calculating complete 
working tables of the properties of steam. 

In some instances smaller tolerances would 
have been justified by the close agreement 
it was 
deemed advisable not to reduce them too 
much at the present time, but to retain am- 
ple tolerances until such time as the various 


26 June. investigators are in still closer agreement 
SATURATED STEAM. — ASSUMED VALUES AND TOLERANCES. 
Saturation pressure and specific volume. 
; Specific yolume 
Saturation ;-ressure Of liquid Of vapor 
Tempe- Assumed Tolerance, Assumed olerance, Assumed ‘Lolerance, 
rature, value, ( value, (+) value, 
degrees C, kgr. per cm’. kgr. per cm?, m# per kgr. m3 per ker. m3 per ker. m8 per kgr. 
0 0.006225 0.000005 0.001000 0.000000 206.4 0.2 
50 0.1258 0.0001 0.001012 0.000000 12.05 0.01 

100 1.0332 0.0000 0.001043 0.000000 1,673 0.002 
150 4.855 0.003 9.001090 0.000000 0.392 0.001 
200 15.86 0.01 0.001156 0.000001 0.1273 0.0004 
250 40.6 0.1 0.001252 0.000003 0.0502 0.0004 
275 60.7 0.1 0.001317 0.000004 0.0329 0.0005 
300 87.7 01 0.001403 0.000005 0.0215 0.0005 
325 123.0 0.1 0.00153 0.00001 0.0142 0.0004 
350 168.7 0.15 0.00174 0.00001 0.00875 0.00020 


— 1000 — 


Total heat. 
Total heat 
el 
Of liquid Of vapor 
Assumed Tolerance, Assumed Tolerance, 
value, ) value, (+e) 
Temperature, Int. kgr.-cal. Int. kyr.-cal. Int. kgr.-val. Int. kgr.-cal, 
degrees C. per ker. per ker. per kzgr. per kgr. 
0 0 0 595.5 1.0 
50 49.95 0.02 618.5 1.0 
100 100.04 0.04 639.2 0.5 
150 150.92 0.05 656.0 1.5 
200 203.55 0.10 667.0 2.6 
250 259.2 0.5 669 4 
275 289.0 1.0 666 5 
300 822 2 657 5 
325 360 3 643 6 
350 404 5 615 8 


over the whole of the field covered by the skeleton tables. 


The 1929 skeleton tables are superseded entirely by those attached to this report. 


Symbol. 
m. 
m3 per ker. 


UNITS, 
As in the 1929 tables, the following units have been used : 
Unit, 
Length ids Metre . : 
Specific volume . Cubie metres per ‘kilogramme . é 
Pressure Kiloprammes per square centimetre . 


Temperature . 
Total heat . 
Conversion factors. 


No changes have been made in the values 
of the various conversion factors adopted at 
London and fully detailed in the 1929 report. 


Values by definition. 


Two values given in the skeleton steam 
tables are taken as exact by definition and 


SUPERHEATED STEAM. 


Degree centigrade . . 
International kilogr.- -calorie, which by de- 
finition equals 1 kw-hr./860 . ‘ 


ker. per em2. 
degree ‘C. 


kgr.-eal. per kgr. 
therefore no tolerances are permissible. These 
values are for the total heat of saturated 
water under its own vapor at 0 deg. Cent., 
arbitrarily taken as equal to zero, and the 
pressure of saturated steam at 100° C. which 
is, by definiation, equal to 1.013825 x 106 dynes 
per cm2, (1.0332 ker. per em?.) in the specific- 
ations of the International Temperature 
Scale. 


— ASSUMED VALUES AND TOLERANCES. 


Specific volume. 
Tempe- Assumed Tolerance, Assumed Tolerance, Assumed Tolerance, 
rature, value, value, ( value, \ 
degrees C, m3 per ker, m3 per kgr. m8 per kgr. m3 per ker. ‘m8 per kgr. m* per ker. 
Pressure # 
1 kgr. per cm?. 5 ker. per cm?, 10 kgr. per em?, 
100 1.730 0.003 ee ms ttc eee 
150 1.974 0,003 oe es sae AC 
200 2.214 0.003 0.4332 0.0005 0.2102 0.0003 
250 2.452 0.008 0.4833 * 0.0005 0.2374 0.0003 
300 2.689 0.004 0.5326 0.0005 0.2631 0.0003 
350 2.925 0.004 0.5811 0.0005 0.2880 0.0003 
400 3.161 0.005 0.6290 0.0005 0.3124 0.0003 
450 3.396 0.005 0.6768 0.0005 0.3366 0.0003, 
500 3.632 0.005 0.7243 0.0005 0.3604 0.0004 
550 3.868 0.005 0.7719 0.0005 0.3843 0.0005 


—, 


Temperature 
degrees C, 


100 
150 
200 
250 
300 


Pressure 
25 kgr. per em? 50 kgr. per cm? 
0.0890 0.0003 eas oe 
0.1010 0.0003 0.0465 0.0004 
0.1120 0.0003 0.0531 0.0004 
0.1224 0.0003 0.0590 0.0003 
0.1325 0.0003 0.0644 0.0003 
0.1424 0.0004 0.0697 0.0004 
0.1521 0.0005 0.0747 0.0005 
Pressure 
150 kgr. per em: 200 kgr. per ems 
0.0119 0.0005 ae aS 
0.0160 0.0005 0.01028 0.00005 
0.0189 0.0004 0.01305 0.00030 
0.0212 0.0004 0.01515 0.00035 
0.0233 0.0005 0.01685 0.00040 
Total heat. 
Assumed Tolerance, Assumed Toleranee, 
value, (+) value, €e) 
Tnt. kgr.-cal, Int. kgr.-cal. Int. kgr.-cal. Int. Kgr.-cal. 
per ker. per kgr. per ker. per ker. 
Pressure 


1 kgr. per em? 
639.4 
663.5 
687.0 
711.0 
735.0 
759.0 
783.5 
808.0 
833.0 
858.0 


WNW HHS 
eooococoonon 


25 ker. per cm! 


689.0 2.0 
719.5 2.0 
747.5 2.0 
775.0 2.0 
801.5 2.0 
827.5 2.5 
854.0 3.0 


150 ker. per cm? 


648.5 4.0 
715.0 2.5 
759.0 2.5 
796.5 2.5 
830.5 4.0 


— 1001 — 


D kgr. per cm¢ 


100 kgr. per cm?, 


0.0231 0.0005 
0.0270 0.0005 
0.0304 0.0004 
0.0333 © 0.0005 
0.0361 0.0005 


200 kgr. per cm? 


0.00636 0.00005 
0.00940 0.00015 
0.01140 0.00025 
0.01290 0.00040 


Assumed Tolerance, 
value, ( 

Int. kgr.-cal. Int. kgr.-cal 
per ker. per kgr. 


10 kgr. per cm? 


682.5 1s 676.0 WA) 
707.5 2.0 703.0 2.0 
182.5 2.0 729.5 2.0 
7570 2.0 755.0 2.0 
781.5 2.0 780.0 2.0 
807.0 2.0 805.5 2.0 
832.0 2.0 831.0 2.0 
857.5 2.0 857.0 2.0 

Pressure 

kgr. per cm? 100 kgr. per cm? 
700.0 3.0 én me 
734.0 2:5 701.5 3.0 
765.0 2.5 742.5 2.5 
793.5 2.5 111.5 2.6 
822.5 2.5 810.0 2.5 
850.5 3.5 841.0 4.0 

Pressure 


- 200 kgr. per em? 


676.0 
737.0 
782.0 
820.0 


250 kgr. per em? 


623.0 4.0 
710.0 5.0 
765.0 | 50 
807.0 10.0 


le tema : oa _ 
—2 P ton ta 3 AG 3 
= RS 


pepe so: Wee Te 


cee oe (mane = 
fan perl 
haere Te 
y ~ 2 TOW 
Saas 2 \ wo ee 


i a ee 


2 wey ee ez 


teri : eeTAe 

; i ts abe let 

{ % F (375 7HTelOg 
tet “PFA IOG 


owe: ve 


a 
7 ‘ 
a 
A ota Cruden 
1 ® 
an vi 
— _ 
oh 
; 
re 
ry] 
= 
ih ut 
Py ds 
ee] ri 
fa " t% 


ie 
i 


staieer lh 


one 
i 


2 Nem 


aX : “Tab 13 ee 


